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We propose four left-right symmetric extensions of chiral 3-3-1 models. Although they have some
common features they also have important differences due to different representation content.
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I. INTRODUCTION
In the electroweak standard model (ESM), left-handed
fermions transform in a different way than the right-
handed components. Hence, it is a chiral model. In this
way parity violation is accommodated but not explained.
The parity issue was the motivation of the early left-right
symmetric extensions of the ESM [1–3]. In this sort of
models the electroweak gauge symmetry is extended to
SU(2)L ⊗ SU(2)R ⊗ U(1)B−L [4] and, besides the ex-
planation of parity violation as a spontaneously broken
symmetry, the model is able to generate Dirac [3] or Ma-
jorana [5, 6] masses for neutrinos. A left-right symmetric
extension can be implemented for all chiral models.
Here, we will consider that sort of extensions for mod-
els with 3-3-1 chiral symmetry in such a way that the
gauge symmetries are G3331 ≡ SU(3)C ⊗ SU(3)L ⊗
SU(3)R ⊗ U(1)X with the general charge operator de-
fined as Q = TL3 + T
R
3 + β(T
L
8 + T
R
8 ) + X , specifically
with β = −√3 (models Ia, Ib) and β = −1/√3 (mod-
els IIa, IIb). For a general classification of 3-3-1 chiral
models with arbitrary β see Ref. [7].
In all these extensions the anomalies are canceled con-
sidering three generations only as in the chiral 3-3-1 ver-
sion since left- and right- fermion triplets have the same
U(1)X -charge. A model similar with our model IIa was
proposed in Ref. [8] but those authors used only scalar
triplets and for this reason fermion masses are generated
only by five-dimensional operators. Here we will use in
both sort of models only renormalizable interactions. In
fact, the first time that this sort of model was briefly
discussed was in Ref. [9].
In Secs. II and we introduce the models Ia and Ib, while
in Sec. III we consider the models IIa and IIb. In Sec. IV
we discuss the phenomenology concerning to these types
of models. Finally, our conclusions and outlook are given
in Sec. V.
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II. MODELS I
In the model Ia, the particle content is [10–
12]: left-handed quarks QaL = (d
′
a,−u′a, j′a)TL ∼
(3,3∗L,1R,−1/3), Q3L = (u′3, d′3, J ′)TL ∼ (3,3L,1R, 2/3);
and the right-handed quarks: QaR = (d
′
a,−u′a, j′a, )TR ∼
(3,1L,3
∗
R,−1/3), Q3R = (u′3, J ′, d′3)TR ∼ (3,1L,3R, 2/3).
In the lepton sector we have left-handed leptons: ψlL =
(ν′l , l
′, l′c)TL ∼ (1,3L,1R, 0); and right-handed leptons:
ψlR = (ν
′
l , E
′
l , E
′c
l )
T
R ∼ (1,1L,3R, 0). Primed fields de-
note symmetry eigenstates. The left-handed and right-
handed fields are not equivalent since in each triplet the
charged degrees of freedom are complete. Only neutrino
has one component in each sector. At the energy scale at
which the symmetry is valid all fields are uncharged and
massless and this does not matter.
In the scalar sector we introduce the following multi-
plets: T ∼ (1,3L,3∗R, 0), P ∼ (1,3L,3R, 1), which cou-
ple to quarks, T also couples with leptons but the sextets,
SL ∼ (1,6∗L,1R, 0) and SR ∼ (1,1L,6∗R, 0), couple only
with leptons. The electric charge assignment of the bi-
triplets T , P and the sextets SL,R are as follows:
T =

 t01 t−1 t+2t+3 t02 t++1
t−4 t
−−
2 t
0
3

 , P =

 ρ+1 ρ01 ρ++1ρ02 ρ−2 ρ+3
ρ++2 ρ
+
4 ρ
+++

 ,
(1)
SL,R =


s01L,R
s
+
1L,R√
2
s
−
2L,R√
2
s
+
1L,R√
2
s++1L,R
s02L,R√
2
s
−
2L,R√
2
s02L,R√
2
s−−2L,R

 , (2)
Notice that P involves a scalar Higgs with triple charge.
We define
〈T 〉 =

 vd 0 00 vu 0
0 0 vj

 , 〈P 〉 =

 0 Vd 0Vu 0 0
0 0 0

 (3)
〈SL,R〉 =

 vL,R1 0 00 0 vL,R2√
2
0
vL,R2√
2
0

 . (4)
2Because of the bi-triplet P , the symmetry is breakdown
to U(1)Q. Here we will assume, for the sake of simplicity,
that all VEVs are real.
The Yukawa interactions in the quark sector are:
−LYq = Q¯aLGabQbRT † + Q¯3LG3aQaRP
+ Q¯aLGa3Q3RP
† + Q¯3LG33Q3RT +H.c., (5)
a, b = 1, 2 and 3 are generation indices, and we have
omitted SU(3) indices and summation over flavors. No-
tice that with only the bi-triplet T only the first two
families mix, Gab is a 2 × 2 matrix, and G33 is a con-
stant. Besides, 〈T 〉 6= 0 leaves an extra U(1) unbroken
symmetry. All of these is corrected by adding a second
bi-triplet P carrying U(1)X -charge.
The Yukawa interactions in the lepton sector are:
−LYl = ψ¯iLGlijψjRT +
1
2
(ψiL)cG
S
ijψjLSL
+
1
2
(ψiR)cG
S
ijψjRSR +H.c. (6)
where summation over flavours i, j = 1, 2, 3 has been
omitted and GS is a symmetric matrix.
We add a parity P as follows:
gL ↔ gR, QaL ↔ QaR, Q3L ↔ Q3R, ψL ↔ ψR,
T ↔ T †, P ↔ P, SL ↔ SR, WL ↔WR , (7)
which implies that G = G† in Eq. (5), Gl = Gl† in Eq. (6)
and thus all mass matrices are Hermitian.
In the quark sector we have, for type-u quarks in the
basis (−u′1,−u′2, u′3) and in the type-d sector in the basis
(d′1, d
′
2, d
′
3) the respective mass matrices are given by
Mu =

 G11vu G12vu G13VuG∗12vu G22vu G23Vu
G∗13Vu G
∗
23Vu G33vd

 , (8)
Md =

 G11vd G12vd G13VdG∗12vd G22vd G23Vd
G∗13Vd G
∗
23Vd G33vu

 . (9)
Since the mass matrices are symmetric (Mu,d =
(Mu,d)†) they are diagonalized by one unitary matrix
and not by two unitary matrices. The exotic quarks have
their masses given byM j = Gvj andM
J = G33vj , where
G is a 2× 2 matrix and G33 is a constant.
In the lepton sector we have that leptons with the same
electric are separated in two 6×6 matrices. In the lepton
sector, in the basis ℓ′L,R = (l
′, E′)TL,R, we have
M l =
(
GS v2L√
2
Glvu
GlT vj G
S v2R√
2
)
6×6
, (10)
and in the neutrinos sector we have
Mν =
(
GSv1L G
lvd
GlT vd G
Sv1R
)
6×6
, (11)
where the mass term for the neutrinos is written in
the form −Lmassν = 12nLMν (nL)
c
+ H.c. in the basis
nL = (ν
′
L, ν
′c
R)
T , and where GS,l are arbitrary 3× 3 her-
mitian matrices. If vR2 ≫ vL2, vu, vj and vR1 ≫ vL1, vd,
the exotic leptons are heavier than the known leptons,
and the right-handed neutrinos are heavier than the left-
handed (active) ones. In fact, in this model there are
both, type-I and type-II, seesawmechanisms and the neu-
trino mass matrix in Eq. (11) is 6× 6.
Notice that if the sextet are not added or if 〈SL,R〉 = 0,
the known charged leptons gain mass only through their
mixing with the exotic ones E. Moreover in this case the
charged leptons and the neutrino matrices are diagonal-
ized by the same transformation, thus the PMNS matrix
must be trivial. Hence, the sextets are necessary to ob-
tain the correct lepton masses and the PMNS mixing
matrix.
In the present case neutrinos are Majorana particles
but if, instead of the sextets SL and SR we introduces
triplets, we would have Dirac neutrinos. For instance
ηL ∼ (1,3,1, 0), ηR ∼ (1,1,3, 0), the Yukawa interac-
tions GηLψTLǫCψLηL and G
ηψTRǫCψRηR are allowed, but
the masses obtained are not still realistic ones becauseGη
is 3× 3 antisymmetric matrix.
A different model (model Ib), with the same quark
content as in model Ia and also with β = −√3, can
be obtained if lc is substituted by a new charged lep-
ton E+ that may be considered as a particle instead
of an antiparticle. See Ref. [13]. In this case ψlL =
(ν′, l′, E+′l )
T
L ∼ (3,1, 0) and ψlR = (ν′, l′, E+′l )TR ∼
(1,3, 0), and all the lepton masses are generated by the
Yukawa interactions like Eq. (6). This model was also
discussed in Sec. II of Ref. [14].
The charged lepton mass matrix is now given by
M l =
(
Glvu G
S v2L√
2
GS v2R√
2
GlT vj
)
6×6
, (12)
also in the basis ℓ′L,R = (l
′, E′)TL,R. The neutrino and
quark sectors are the same as in the previous model.
Yet, if the sextets are not introduced the exotic charged
leptons decouple from the light ones. However, as in
the previous model, if the sextets are not introduced the
mass matrices of charged leptons and neutrinos are pro-
portional, thus inducing a trivial PMNS.
The scalar potential in models I is given by
3V = µ2TTrT
†T + µ2PTrP
†P + µ2STr(S
∗
LSL + S
∗
RSR) + λ1Tr(T
†T )2 + λ2(Tr(T †T ))2 + λ3Tr(P †P )2
+ λ4(Tr(P
†P ))2 + λ5Tr(S∗LSL + S
∗
RSR)
2 + λ6(Tr(S
∗
LSL + S
∗
RSR))
2 +Tr[(SLS
∗
L + SRS
∗
R)(λ7T
†T + λ8P †P )]
+ Tr[(S∗LSL + S
∗
RSR)]Tr[λ9(T
†T ) + λ10(P †P )] + λ11[Tr(T †TP †P ) + Tr(TT †P †P )] + λ12Tr(T †T )Tr(P †P )
+ λ13[Tr(P
†S∗L)Tr(PSL) + Tr(P
†S∗R)Tr(PSR)] + λ14[Tr
(
T †TPTP ∗
)
+Tr
(
TT †PTP ∗
)
]
+ λ15[(S
∗
RT )(SLT ) +H.c.] + f1[(TTT ) +H.c.] + f2[(SLSLSL) +H.c.] + f3[(SRSRSR) +H.c.]. (13)
III. MODELS II
In model IIa we have the following representation
content: left-handed quarks QaL = (d
′
a,−u′a, D′a)TL ∼
(3,3∗L,1R, 0), Q3L = (u
′
3, d
′
3, U
′)TL ∼ (3,3L,1R, 1/3);
and the right-handed quarks: QaR = (d
′
a,−u′, D′)TR ∼
(3,1L,3
∗
R, 0), Q3R = (u
′
3, d
′
3, U
′)TR ∼ (3,1L,3R, 1/3). In
the lepton sector we have left-handed leptons: ψlL =
(ν′l , l
′, N ′l )
T
L ∼ (1,3L,1R,−1/3); and right-handed lep-
tons: ψlR = (ν
′
l , l
′, N ′l )
T
R ∼ (1,1L,3R,−1/3). Primed
fields denote symmetry eigenstates. In model IIa, N ′L
and N ′R are new fields, as in the model of Refs. [15, 16].
However, if N ′lL is identified with (νlR)
c as in the models
of Refs. [17, 18]. In models II, the scalar multiplets are:
T ′ ∼ (1,3L,3∗R, 0), and H ∼ (1,3L,3R, 1/3), defined as
follows
T ′ =

 t˜01 t˜−1 t˜02t˜+2 t˜03 t˜+3
t˜04 t˜
−
4 t˜
0
5

 , H =

 h+1 h01 h+2h02 h−3 h03
h+4 h
0
4 h
+
5

 . (14)
We define the VEVs in the following form:
〈T ′〉 =

 vd 0 vR0 vu 0
vL 0 vD

 , 〈H〉 =

 0 Vu 0Vd 0 VD
0 VU 0

 . (15)
The Yukawa interactions are given by
−LYq = Q¯aLGabQbRT ′† + Q¯3LG3aQaRH
+ Q¯aLGa3Q3RH
† + Q¯3LG33Q3RT ′ +H.c.,(16)
in the quark sector and
−LYl = (ψiL)GlijψjRT ′ +H.c., (17)
in the lepton sector.
The parity P in this case is
gL ↔ gR, QaL ↔ QaR, Q3L ↔ Q3R, ψL ↔ ψR,
T ′ ↔ T ′†, H ↔ H, WL ↔WR , (18)
and again, all the G matrices are hermitian.
The mass matrix in the quark sector are:
Mu =


vuG11 vuG12 VuG13 VUG13
vuG
∗
12 vuG22 VuG23 VUG23
VuG
∗
13 VuG
∗
23 vdG33 vRG33
VUG
∗
13 VUG
∗
23 vLG33 vDG33

 , (19)
for the u-type in the basis (−u′1,−u′2, u′3, U ′), and
Md =


vdG11 vdG12 VdG13 vLG11 vLG12
vdG
∗
12 vdG22 VdG23 vLG
∗
12 vLG22
VdG
∗
13 VdG
∗
23 vuG33 VDG
∗
13 VDG
∗
23
vRG11 vRG12 VDG13 vDG11 vDG12
vRG
∗
12 vRG22 VDG23 vDG
∗
12 vDG22

 ,
(20)
for the d-type in the basis (d′1, d
′
2, d
′
3, D
′
1, D
′
2). Notice
that if we set vL,R = VU,D = 0 the known quarks do not
couple with the new ones U ′ andD′1,2, however it is better
assume only that vx/v ≪ 1, where vx = vL,R, VU,D and v
is a VEV related to the scale at which left-right symmetry
is manifested. This is because if there is no mixing among
all quarks of the same charge, an automatic Z2 survive
and the extra quarks are stable, or at least long lived,
unless the interactions with the scalars mix all the singly
charge scalars. The masses in the lepton sector are given
by
M l = Glvu, (21)
Mν =
(
0 MD
MTD 0
)
12×12
, (22)
where
MD =
(
Glvd G
lvR
GlvL G
lvD
)
6×6
, (23)
in the basis nTL = (ν
′
L, N
′
L, ν
′c
R , N
′c
R )
T . In this model the
neutrinos become Dirac particles. It is clear to see from
Eqs. (22) and (23) that the light neutrinos (ν) decouple
from the heavy states (N) in the mass matrix only if
vL = vR = 0, but this case is not realistic since the
PMNS matrix is also the identity matrix.
In model IIb we have the same quark representa-
tions as in model IIa but in the lepton sector we
have the following representation content: ψlL =
(ν′l , l
′, ν′l
c)TL ∼ (1,3L,1R,−1/3); and right-handed lep-
tons: ψlR = (N
′
l , l
′, N ′l
c
)TR ∼ (1,1L,3R,−1/3). The
neutrino mass matrix, Mν, have the same structure as
given by Eqs. (22) and (23), but in the basis nTL =
(ν′L, N
′
L, N
′c
R , ν
′c
R)
T . This shows that in the model IIb
all the mass terms mixes the light neutrinos with heavy
states, thus there is no decoupling.
4The scalar potential in these case is given by
V = µ2T ′Tr
(
T ′†T ′
)
+ µ2HTr
(
H†H
)
+ λ1Tr
(
T ′†T ′
)2
+ λ2
(
Tr
(
T ′†T ′
))2
+ λ3Tr
(
H†H
)2
+ λ4
(
Tr
(
H†H
))2
+ λ5[Tr
(
T ′†T ′H†H
)
+Tr
(
T ′T ′†H†H
)
] + λ6Tr
(
T ′†T ′
)
Tr
(
H†H
)
+ λ7[Tr
(
T ′†T ′HTH∗
)
+Tr
(
T ′T ′†HTH∗
)
] + f1 (Tr (T
′T ′T ′) +H.c.) . (24)
IV. DISCUSSION
All 3-3-1 models have interesting new processes that
deserve to be searched in accelerators. In particular
the minimal model (β = −√3), predicts new resonances
formed by exotic quarks in processes like
pp(JJ¯uu¯V −V +)→ e−Re+L + νcLνR(/E) + jets,
pp(JJ¯du¯V −U++)→ e+Le−Re−Le+R + νcL(/E) + jets,
pp(jj¯dd¯V −V +)→ e+Re−L + νLνL(/E) + jets,
pp(jj¯uu¯U−−U++)→ l−l+l−l+ + jets, (25)
which are interesting because the resonances involving
the exotic quarks are long-lived, since they are protected
by a Z2 symmetry which is broken by scalar interactions.
In the left-right symmetric extensions this model has in-
teractions with like those in Eq. (5) with the bi-triplet
P and quarks: Ga3J [d
′
aρ
++ + u′3ρ
+ + j′aρ
+++], this is
an example of interactions in which we can recognize
that the exotic particles J, j, ρ+++,++,+ are produced by
pairs since they are odd under Z2 but u, d-type quarks
are even. In this case the exotic particles will be sta-
ble. Fortunately, we have verified that all singly charged
scalars mix in the mass matrices and that in the scalar
potential there are interactions of exotic scalars and those
coupled with known quarks and leptons as for instance
that in the λ13 in Eq. (13), ρ
+++s−−2L s
−
1Lρ
0∗
1 (ρ
0∗
2 ), and
from the Yukawa interaction in Eq. (6), we see that there
are interactions like GSij [(l
′
iL)
cs+1Lν
′
jL + l
′
iRs
−−
2L (l
′
jR)
c] al-
lowing the decay of ρ+++ to leptons through s+1L and
s++2L . Hence, in particular in models I, there is a res-
onance with triple electric charge ∆+++(j¯J) which can
decay into the scalar ρ+++ and, since there are interac-
tions like those in the λ13 term discussed above, the decay
ρ+++ → s+1 s++2 does occurs, after ρ01 and/or ρ02 get VEV,
and ρ+++ → s+1Ls++2L → l+Rl+Rl+LνcL is allowed. Hence, the
decay ∆+++ → 3l+ + 3ν may happen. All these mod-
els have 17 vector bosons, in particular the β = −√3
have doubly charge vector bileptons U++L,R which could
have interesting phenomenological consequences at col-
liders [19].
It is well known that chiral 3-3-1 models have a
Landau-like pole at a particular value of s2W . In the chiral
models with β = −√3, the pole occurs when s2W = 0.25,
at an energy scale of a few TeVs [20, 21], while in models
with β = −1/√3, the pole occurs when s2W = 0.75, and
the energy scale may be larger than the grand unifica-
tion scale. In the respective left-right symmetric exten-
sions, the pole occurs when s2W = 1/8 and s
2
W = 3/8
in model of type I and type II, respectively [8]. On the
other hand, at the Z-pole, s2W (MZ) ≈ 0.231 hence, in
type I models s2W (pole) < s
2
W (MZ). Hence, at first sight
these models are excluded. However, this is not necessar-
ily the case. It is still possible that in these sort of models
s2W , at higher energies, run to values that are lower than
the value at the Z-pole. The running of s2W depends on
the representation content of the models. In fact, this
behavior occurs in other models. For instance, in left-
right symmetric SU(5)⊗ SU(5), s2W decreases from low
to high energies, essentially due to the scalar and fermion
triplets [22], which also are present in the type I models.
This can be seen as a prediction of the these models: if
in the future at high energies s2W only increases with the
energy, this will certainly rule out these sort of models.
The energy scale of the Landau pole has not been calcu-
lated yet in both I and II models. We note however, that
because of the scalar bi-triplets, needed to generate all
fermions masses with only renormalizable interactions,
there is a mixing among all vector (WL,WR and ZL, ZR)
and scalar bosons of the same charge or CP properties.
Then, the energy scale of the poles may change. This
important issue will be considered elsewhere.
Moreover, it is worthy to note the following. As a con-
sequence of the quark representation content, the chiral
models with β = −√3 are not embedded straightforward
in a grand unified theory (GUT). Due to the existence
in those models of extra quarks with large U(1)X hyper-
charge, more quarks with appropriate value of X have
to be added in order to satisfy TrX = 0 in GUT mul-
tiplets. This is not necessarily a fault of the models, it
may be a virtue. For instance, since the Landau pole
occurs at relatively low energies (about 4 TeV), the elec-
troweak scale can be stabilized, i.e, there is no hierar-
chy problem [23] and also the model allows a dynami-
cally symmetry breaking to the SM also at the scale of a
few TeVs with all the extra gauge bosons and the exotic
quarks acquiring masses much larger than the scale of
electroweak symmetry breaking [24]. And after all, who
said that grand unification of three of the fundamental
interactions should be straightforward? However, for a
possible unification for models with β = −1/√3 see [25]
and references therein.
V. CONCLUSIONS
Here we have considered four left-right symmetric ex-
tensions of chiral 3-3-1 models with only renormalizable
5interactions. The models I introduces exotic quarks and
the models II only extends the quarks sector for four
(type-u quarks) or five (type-d quarks) generations with
heavy neutrinos.
For each model we have considered all possible break-
ing of symmetry allowing all VEV to be nonvanishing. In
this vein, we have shown that the models of type I leads
to a seesaw mechanism in the lepton sector, essentially
driven by the introduction of left-right sextets. while the
models of type II induces a mixing in the quark matri-
ces and the sextets are not needed anymore. The mixing
of all scalar sector allows a decay signature of the ρ+++
into light fermions, thus the consistence of the models
can be tested at colliders. On the other hand, to be con-
sistent the models I should allow the decreasing s2W with
increasing of energy. This will be addressed elsewhere.
After we have finished this work we saw that in
Refs. [26, 27] similar left-right symmetric extensions of
3-3-1 models were considered. Those authors consider
a general analysis of the models in term of the β pa-
rameter in the definition of the electric charge opera-
tor. In our case we have considered β = −√3,−1/√3
each one with two different representation content. It is
worthing to note that some characteristics do not de-
pend on the value of β. For instance, in the model
with β = −√3 we have two possibilities in the lepton
sector: i) ψl = (νl, l, l
c)TL , ψl = (νl, E,E
c)TR; or, ii)
ψl = (νl, l
−, E+)TL , ψl = (νl, l
−, E+)TR. This difference
is not trivial: in the first case the flavor lepton numbers
is violated because the charged lepton and their charge
conjugate are in the same triplet while in the second
case we can assign to E+ the same flavor lepton num-
ber of the known charged leptons. Moreover the neutral
current couplings are different in both models with the
same β. Furthermore, another difference is evident com-
paring the matrix in Eq. (11) (model Ia) with those in
Eqs. (22) and (23) (model IIa), in particular neutrinos
are Majorana in the former case, and Dirac in the sec-
ond one. Moreover in the case of Eqs. (22) and (23) a
type-I Dirac seesaw mechanism is implemented. Models
with SU(3)C ⊗ SU(M)L ⊗ SU(N)R ⊗ U(1)X has been
considered recently in Ref. [27]. We would like to stress
that phenomenology independently of the value of β can
be made only in some simple situation as, for instance,
considering only the Z ′ of the models [28].
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